What are the new findings?
► Males with diabetes and principally those under insulin treatment present higher pain severity, including more joints affected by pain and higher consumption of analgesics than males without diabetes. We found gender heterogeneity regarding the effect of diabetes on OA-pain. ► In females, diabetes mellitus has not a significant role on pain severity, considering the number of joints affected and the maximum pain score. For them, only a wider waist circumference had a significant association with pain severity.
How might these results change the focus of research or clinical practice?
► This work will prompt research of the effect of insulin on joint pain in subjects with OA. ► The effect of medicines for treating neuropathic pain needs to be measured, especially in males with diabetes and OA, compared with other traditional approaches. Male patients with diabetes and OA might benefit from a more specific analgesic treatment.
ABSTRACT
Objective (1) To investigate differences in pain severity and its distribution between patients with and without diabetes mellitus (DM) in a population with advanced osteoarthritis (OA). (2) To explore the role of medication used for diabetes in these associations.
Research design and methods This is a hospital-based cohort study of patients with advanced OA requiring total joint arthroplasty. Interviews and electronic records included: age, gender, occupation, DM (including medication and duration), analgesics used, anthropometry, joints affected by pain and disease duration. Joint pain was scored by the patients using numerical rating scale. Pain severity score was calculated by adding the number of joints affected by pain and the maximum pain score. All analyses were adjusted and/or stratified by gender, age and body mass index. 
InTROduCTIOn
There is increasing evidence on the association between type 2 diabetes mellitus (DM) and osteoarthritis (OA). Subjects with diabetes are nearly twice as likely to have OA and arthroplasty than subjects without diabetes, independent of age or body mass index (BMI). [1] [2] [3] [4] It has been suggested that subjects with both DM and OA have more severe symptoms.
2 DM and insulin resistance have been considered as prognosticators of joint space narrowing and knee OA only in males. 3 4 This difference concerning male gender, DM and OA especially regarding pain symptoms has not been fully investigated.
Patients with OA and diabetes might experience more intense pain than non-diabetic patients and it is unknown whether there are joints that could be more affected than others. Pain in non-weight-bearing joints, such as hand joints, in patients with DM and OA, might especially reflect involvement of neuropathic complications of diabetes in the source of OA pain.
Epidemiology/Health Services Research
Enriched insulin receptor (InsR) expression has been demonstrated in the synovium of humans. 6 7 In addition, it has been suggested that long-term insulin therapy, often needed to treat diabetes, may overload tissues such as cartilage. 8 It is still necessary to know whether the glycemic control done through medications or simply if elevated insulin levels can influence the perception of OA pain in patients with diabetes. We aim to investigate differences in pain severity (level of pain reported, localization and number of joints affected by pain) between patients with and without DM in a population with advanced OA. We want to determine whether these differences exist for both genders. In addition, we would like to explore the role of medication used for diabetes in these associations.
MeTHOds
This is a cohort study of patients with OA and total joint arthroplasty or waiting for the surgery. In total, 700 patients accepted to participate in the research. Electronic records of patients included: demographic information and anamnesis, X-rays of the affected joints (hip and/or knee), laboratory exams, diagnoses, including previous surgeries and dates, between others. Other methodological considerations have been previously described. 9 Patients were questioned which joints had pain in the last month for most of the days and pain was rated from 0 to 10 (numerical rating scale, NRS) for each joint. The highest NRS score (most severe pain) was considered for analyses. Pain severity score (PSS) was calculated adding the number of joints affected by pain and the highest NRS score. For this study, only patients with pain at hip and/or knee joint(s) were selected. For diabetes, we used a clinical diagnosis of type 2 diabetes with ongoing antidiabetic treatment or a self-reported diagnosis of diabetes with a fasting glucose result ≥126 mg/dL. Diagnosis date, type of medication and for how long they have taken the medication were taken from the medical records or it was reported by the patients. It was measured waist and hip circumferences, height and weight. BMI was calculated. Family history of OA was defined as at least two first-degree relatives with OA diagnosis. During the interviews, we found 159 cases of patients with other diagnosis than OA (rheumatoid arthritis, lupus, avascular necrosis and fractures). These cases were excluded from the study. Analysis of variance or Mann-Whitney U test (non-normal distribution) was used to compare between two groups. Logistic and linear regression were used to analyze the association between joints affected and DM. χ 2 test and Fisher's exact test were used to compare variables. All analyses were adjusted and/or stratified by gender, age and BMI. The probability of a type I error was set to 0.05 for all analyses. All these analyses were made using SPSS V.15.0.
ResulTs
In total, 489 patients with OA and pain were included in the study. The mean age was 65.8 years (SD: 10.6), 61.6% were females. Most of the population was obese, females were heavier than males and they reported more joint pain than males (table 1, p<0.001 and p=0.04, respectively).
Overall, 28.4% of the patients had diagnosis of DM. Thirty percent of them were males and 28% females (table 1, p=0.03) and they had a similar age of DM onset, around 64 years (table 1, p=0.22). For most of patients with diabetes (70%), OA symptoms started before diabetes symptoms. Most patients with diabetes were treated only with metformin (53%), with insulin or a combination of insulin and oral medication (25%), or with diet or other oral medication than metformin (22%). Males with DM consumed more analgesics than males without diabetes (84% vs 61%, OR=3.03; 95% CI 1.24 to 7.36, p=0.01, adjusted). There was no difference in analgesic consumption between females with and without diabetes (p=0.66).
There was no significant difference in the level of pain and in the number of joints affected by OA between women with and without diabetes (p=0.46, p=0.70). In our study, diabetes did not influence the severity score of OA symptoms in women ( figure 1, p=0 .41, respectively). In contrast, males with diabetes had more than two joints simultaneously affected by pain (p=0.002) and slightly higher pain score than those without diabetes. Therefore, males with diabetes had a higher PSS than males without diabetes ( figure 1, p=0.01 ). In males, most severe pain (higher NRS) was found in patients receiving insulin compared with all other patients (p=0.025).
Regarding the medication to treat diabetes, sensitivity analysis in the group of patients with diabetes confirmed that those using insulin had more severe pain (highest NRS score) and more joints affected by pain than those patients without treatment or with oral treatment (p=0.03 and p=0.025). Therefore, we can affirm that male patients with diabetes taking insulin had a higher PSS than male patients without diabetes or with diabetes and other type of medication (figure 2, p=0.006).
There was a difference in the duration of the disease among patients with diabetes, according to the treatment received, being greater for the group with insulin (p<0.001). However, duration of diabetes was not associated with pain severity in males, after adjustment for age and BMI (p=0.24).
In addition, male subjects with diabetes had higher odds of having hand or hand and knee, both affected by pain, compared with males without diabetes (OR=3.71, 95% CI 1.15 to 12; p=0.029 and OR=5.54, 95% CI 1.42 to 21.6; p=0.014, respectively). These associations were not significant in females (p=0.85 and p=0.93, respectively).
The most significant factor in females for a higher pain severity was having a wider waist circumference (p=0.002). This factor was not associated with pain in males (p=0.27). All analyses were adjusted for age and BMI. (15) 34 (18) 40 (13) DM no treated or other oral medication 31 (6) 13 (7) 18 (6) Insulin 34 (7) 9 (5) 
Epidemiology/Health Services Research dIsCussIOn
The current study has shown several aspects that were not previously analyzed in the relation of OA with DM. In our study with subjects with clinical OA requiring arthroplasty, pain severity was significantly higher in males with diabetes than in those without diabetes. Regarding symptoms, a previous study found more severe clinical symptoms of OA and higher rates of arthroplasty in subjects with DM compared with those without DM. 2 However, in that publication, gender heterogeneity in the effect of diabetes on OA symptoms was not investigated perhaps, by the low number of cases with diabetes (n=69). Other few publications that investigated on this relation found that DM and insulin resistance might predict progression of joint space narrowing and knee OA only in males. 3 4 The role of diabetic medication on OA pain was not previously explored. In our study, pain severity was higher in users of insulin than in those with other diabetic treatment or without treatment. Duration of diabetes did not explain differences in pain severity within the different diabetic treatment groups. This might suggest that severity of diabetes (requiring insulin) might influence severity of OA pain in males.
According to these and previous findings, the effect of insulin administration on OA progression (structural and symptomatic) needs further investigation. Insulin Receptors (InsRs) are abundant in normal and OA-affected chondrocytes and are widely distributed in the brain, with highest concentration in areas where nociceptive information is relayed as hypothalamus, cerebral cortex and hippocampus, between others, responding to physiologic insulin concentrations. 8 10 11 Therefore, it is logical to propose that insulin dysregulation can contribute to OA, not only through cartilage degradation, but it might also modify pain perception.
Analgesic consumption was three times higher in males with diabetes compared with males without diabetes. Analgesic consumption seems a proxy for pain severity in this population. Higher consumption of analgesics might lead to other health problems that might aggravate diabetes. 12 Knee and hand joints were more affected by pain in males with diabetes than without diabetes. The fact of presenting pain in proximal and distal joints, including non-weight-bearing joints, might suggest a direct contribution of one common complication of DM, as diabetic neuropathy, on the severity of OA. Mild to severe neurological alterations are common in patients with diabetes, with a higher prevalence and earlier presentation of distal sensorimotor neuropathy in males. 13 14 It has been found a gender bias in diabetes severity also in rodent models of diabetes. 15 This might help to explain why more males with diabetes have more pain and are affected with pain at distal joints as hands.
Finally, we found association of pain severity with waist circumference in females, independent of BMI. Larger waist circumference has been previously associated with joint pain in females and it has been proposed there is a link between metabolic syndrome and chronic pain. 16 
COnClusIOns
In conclusion, males with DM and principally those under insulin treatment present higher pain severity, including more joints affected by pain and a higher consumption of analgesics than males without diabetes. In females, DM has not a significant role on pain severity. For them, waist circumference and obesity seem to have more important role on pain severity.
The limitations of this study include those inherent to observational studies: exact exposure quantification (in relation to dose and frequency of medication use), unmeasured confounders or residual confounding from variables that might change over time as weight or pain fluctuation, between others. The power to analyze the effect of different diabetic treatments on pain was limited. However, we consider that this manuscript helps in understanding that part of the gender heterogeneity found in OA-DM relation in patients requiring arthroplasty, rely on symptomatic differences and not only on possible structural differences on cartilage tissue produced by DM. Considering the differences in pain between males with and without diabetes and within the diabetic treatment groups, we might hypothesize that the severity of joint pain in males is influenced by the existence and severity of DM, without excluding the possibility of neuropathic complications of diabetes influencing the pain level. We might suggest that this subgroup of patients with diabetes and OA would benefit from specific analgesic treatments for this type of pain, and that the response to medicines for treating neuropathic pain needs to be measured in males with diabetes and OA compared with other traditional approaches.
Acknowledgements Thanks to all the patients and staff of Orthopedic Department, Hospital de Caridade São Vicente de Paulo, Jundiaí, SP, Brazil.
Contributors MCCB designed the study, included patients, analyzed and interpreted the data, obtained the funding and wrote the manuscript. CLM, MVNL, MASM, JA and EGM were involved in acquisition of data and revision of the article. EM and MVNL interpreted the data, wrote the manuscript and provided administrative and logistic support. All authors reviewed and approved the manuscript content before submission. Provenance and peer review Not commissioned; externally peer reviewed. data availability statement Data (deidentified participants data) is available upon reasonable request to the corresponding author.
Open access This is an open access article distributed in accordance with the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the original work is properly cited, appropriate credit is given, any changes made indicated, and the use is non-commercial. See: http:// creativecommons. org/ licenses/ by-nc/ 4. 0/.
